.
1 H NMR spectrum of complex 1 (CD 3 CN, room temperature). Figure S3 .
1 H NMR spectrum of complex 2 (C 6 D 6 , room temperature). 
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S15
Reaction of (PPh 3 )Co( Me doenH) (7) with [n-Bu 4 N][NO 2 ]
88.4 mg of Co( Me doenH)Br 2 (0.2 mmol, 1.0 eq), 57.7 mg of PPh 3 (0.22 mmol, 1.1 eq), and 83.2 mg of Cp 2 Co (0.44 mmol, 2.2 eq) were taken up in 10 mL THF and stirred at room temperature for 1 h, during which time the solution turned dark purple. The reaction mixture was filtered through a short plug of Celite, and the filtrate was concentrated to dryness under reduced pressure. . During electrolysis, the initially pale yellow solution turned red, which is the characteristic color of the [(µ-OAc)Co(II)Mg] + complex. After the 2-h period, the solution was exposed to air and the pale yellow color was restored. 96% Faradaic efficiency for hydrogen evolution was measured by GC analysis of the headspace. This yield accounts for the electron equivalent required to reduce the Co(III) pre-catalyst. 
S16
Cyclic Voltammetry and Bulk Electrolysis Experiments
X-Ray Crystallography Data
Computational methods and optimized geometries
Computational Methods. Geometry optimizations were performed using the Gaussian03 package.
1
The B3LYP exchange-correlation functional was employed with a 6-31G(d) basis set. A full frequency calculation was performed on each structure in order to verify the absence of negative vibrational frequencies. N 2.99441800 1.32383800 -0.40476900 C 2.68437600 2.54695900 -0.11735800 N 0.66189700 1.56555600 0.46680200 C 1.31762200 2.70348200 0.40389500 N 0.69438200 -1.57311500 0.43897100 C 1.37722400 -2.69647700 0.36021000 N 3.06064400 -1.25667400 -0.32930500 C 2.77197300 -2.48781600 -0.04489200 C 4.39015500 -0.66714600 -0.51945500 H 4.99548700 -1.23809300 -1.23103600 H 4.89494300 -0.66356400 0.45300300 C 4.20521300 0.78015400 -1.02215300 H 4.04745600 0.77816200 -2.10639500 H 5.09508800 1.37496500 -0.79660900 C 0.76323600 -4.02357700 0.68213600 H 1.52303200 -4.76183700 0.94778300 C 3.75423300 -3.62077500 -0.06502200 H 3.96643200 -3.94601700 0.96154300 C 0.68022900 4.00017100 0.79418400 H 1.41400600 4.80457400 0.86954700 C 3.58200200 3.73425500 -0.30405700 H 3.10203000 4.48215000 -0.94505700 O -0.59707000 1.54703800 0.79774900 O -0.57374700 -1.59074000 0.72484800 N -3.21677200 1.43924900 -0.80336300 N -3.22128600 -0.04998400 1.60102300 N -3.06050900 -1.45805600 -1.00141500 C -3.52987500 2.19925300 0.42908600 H -2.63258800 2.77473300 0.66389200 H -4.35286800 2.91209200 0.26131200 C -3.88038300 1.29234800 1.63608300 H -4.96514900 1.16696200 1.72547400 + Z = 1, m = 2 E = -3067.84380395 N 3.25125800 1.28138400 0.12042700 N 0.84886500 1.55768400 -0.53375800 C 1.54899400 2.67813300 -0.61850800 N 0.87960000 -1.48782800 -0.66785400 C 1.59021600 -2.59767600 -0.78811100 N 3.21280700 -1.26022200 0.18807100 C 2.96287000 -2.44371100 -0.29708800 C 4.41942200 -0.73241800 0.82134700 H 5.31864500 -1.31812600 0.60617100 H 4.24636500 -0.74817900 1.90424600 C 4.59457600 0.73025700 0.34883200 H 5.16498900 0.75736500 -0.58866200 H 5.15008000 1.30375500 1.09974100 O -0.44001500 1.59475800 -0.74603700 O -0.39445800 -1.50451400 -0.95568500 O -0.41890500 -0.11108200 1.75140900 N -3.11325600 1.34507100 0.97508500 N -3.05900500 -1.47668100 0.77194400 N -2.94687200 0.09410800 -1.69538200 C -3.74609700 0.57450100 2.08824100 H -3.42782900 1.00368800 3.04211900 H -4.83446100 0.69927800 2.05041000
[(µ-NO 2 )CoMg] Z = 0, m = 1 E = -3067.98594541 N 3.18995500 1.26504900 0.05246200 N 0.84035200 1.52471200 -0.57814800 C 1.51795700 2.68235500 -0.60407800 N 0.88784800 -1.45533400 -0.70485300 C 1.57968600 -2.60061900 -0.74773700 N 3.19529700 -1.21856900 0.09608500 C 2.93201200 -2.45419400 -0.29869000 C 4.42156600 -0.70879800 0.69037700 H 5.31657500 -1.27041500 0.39471700 H 4.32874400 -0.77379200 1.78343200 C 4.54410600 0.76884700 0.26712400 H 5.12261200 0.84499800 -0.66576200 H 5.08379400 1.34640000 1.03279800 O -0.48254900 1.59106000 -0.79139800 O -0.41707000 -1.51979300 -0.98591500 O -0.40245000 -0.12209500 1.74994700 N -3.09229300 1.34269300 0.98786400 N -3.03994600 -1.47203800 0.77633700 N -2.93814500 0.09221700 -1.68969900
